Cosmic Microwave Background (CMB) anisotropy encodes a lot of information about our Universe. In this paper we take the ground-based CMB observations (GCMB), including the South Pole Telescope (SPT), SPTpol, the Atacama Cosmology Telescope Polarimeter (ACTPol) and BI-CEP2/Keck Array, as a new probe to the CMB anisotropy independent of two satellite observations, i.e. Wilkinson Microwave Anisotropy Probe (WMAP) and Planck. The combination of current GCMB data is consistent with WMAP and Planck. In the spatially flat ΛCDM model, the Hubble constant is H0 = 70.07 ± 1.57 km/s/Mpc at 68% confidence level (CL). Combining with baryon acoustic oscillation (BAO) and the Pantheon sample of Type Ia supernovae (SN), we find that H0 = 68.43 ± 0.59 km/s/Mpc (68% CL) in the spatially flat ΛCDM cosmology which has a tension with local measurement given by Riess et al. in 2019 at 3.6σ level, and Ω k = −0.0023 ± 0.0037 and N eff = 2.88 ± 0.39 (68% CL) in the extended cosmological models.
I. INTRODUCTION
The free streaming of photons from the last scattering surface preserves the acoustic oscillations of the photonbaryon fluid in the early universe, which results in the temperature anisotropy of cosmic microwave background (CMB). Moreover, the quadrupole radiation with large and small wavenumber can be polarized at recombination and reionization epoch respectively, which leads to the polarization anisotropy of CMB. Therefore, measurements of the temperature and polarization anisotropy of CMB provide the information about the primordial perturbations, the ionization history, the composition and evolution of the Universe and its geometry.
So far, two CMB anisotropy final data releases from Wilkinson Microwave Anisotropy Probe (WMAP) satellite [1] and Planck satellite [2] respectively have confirmed the standard spatially-flat six-parameter ΛCDM cosmology with a power-law spectrum of adiabatic scalar perturbations. Here the ground-based CMB observations (GCMB), including the South Pole Telescope (SPT) * wangkey@lzu.edu.cn † huangqg@itp.ac.cn [3] , SPTpol [4] , the Atacama Cosmology Telescope Polarimeter (ACTPol) [5] and BICEP2/Keck Arra [6] , is taken as a new probe to the CMB anisotropy independent of WMAP and Planck. More precisely, GCMB includes the CMB temperature anisotropy power spectrum (TT) over the multipole range 650 < < 3000 from the 2500-square-degree SPT-SZ survey [3] , the Emode polarization angular auto-power spectrum (EE) and temperature-E-mode cross-power spectrum (TE) of CMB over the multipole range 50 < < 8000 from the 500-square-degree SPTpol data [4] , the two-season temperature and polarization angular power spectra over the multipole range 350 < < 4125 measured by ACTPol from 548-square-degree of sky [5] , and the Q/U maps at 95, 150 and 220 GHz over an effective area of ≈ 400square-degrees from BICEP2/Keck Array CMB polarization experiments [6] .
Furthermore, in order to break the degeneracies among the cosmological parameters, we will also combine the baryon acoustic oscillation (BAO) data and the Pantheon sample of Type Ia supernovae (SN) data. The BAO data includes the SDSS DR7 Main Galaxy Sample (MGS) [7] , the Six-degree-Filed Galaxy Survey (6dFGS) [8] , the anisotropic BAO analysis from Baryon Oscillation Spectroscopic Survey (BOSS) data release 12 (DR12) [9] , the correlations of quasar sample in extended Baryon Os-cillation Spectroscopic Survey (eBOSS) data release 14 (DR14) [10] and the correlations of Lyα absorption in eBOSS DR14 [11] . The 'Pantheon Sample' consisting of a total of 1048 SN Ia ranging from 0.01 < z < 2.3, which can be separated into five subsamples: PS1 with 279 SN Ia (0.03 < z < 0.068) [12] , SDSS with 335 SN Ia (0.04 < z < 0.42) [13, 14] , SNLS with 236 SN Ia (0.08 < z < 1.06) [15, 16] , Low-z with 172 SN Ia (z < 0.08) [17] [18] [19] [20] [21] [22] [23] [24] and HST with 26 SN Ia (z > 1) [25] [26] [27] [28] [29] .
In this paper we will constrain the cosmological parameters from GCMB and combining with BAO and SN data by using the 2019 July version of the Markov Chain Monte Carlo (MCMC) package CosmoMC [30] . The following part is organized as follows. In Sec. II, the base ΛCDM model constraints from the combination of ground-based experiments are presented. In Sec.III, we consider two one-parameter extensions to the base ΛCDM model and then their parameter constraints are given. A brief summary is given in Sec.IV.
II. CONSTRAINTS ON THE BASE ΛCDM COSMOLOGY
First of all, we focus on the standard spatially-flat sixparameter ΛCDM cosmology which is also denoted by the base ΛCDM in literature. The six parameters in this model are
where Ω b h 2 is the physical density of baryons today, Ω c h 2 is the physical density of cold dark matter today, θ MC is the ratio between the sound horizon and the angular diameter distance at last scattering, τ is the Thomson scatter optical depth due to reionization, A s is the amplitude of the power spectrum of primordial curvature perturbations at the pivot scale k 0 = 0.05 Mpc −1 , and n s is the spectral index of the scalar fluctuations. Assuming flat priors for all of these parameters, we adopt MCMC to work out the parameter estimations which are summarized in Tab. I. Here we also list the results from WMAP and Planck. The contour plots for the cosmological parameters in the base ΛCDM cosmology are given in Fig. 1 . From both Tab. I and Fig. 1 , roughly speaking, the GCMB is consistent with both WMAP and Planck, and the precision of current GCMB data is comparable with WMAP, but worse than Planck.
A. Hubble constant
The Hubble constant H 0 denotes the expansion rate of the Universe at present. In 2018, Planck final data release [2] 
at 68% CL, which is consistent with both WMAP and < 1000 Planck data. See Fig. 2 . Furthermore, in order to break the degeneracy among the cosmological parameters, we take some low-redshift data, such as BAO and SN, into account. Combining GCMB, BAO and SN data, we obtain a 0.9% constraint, i.e.
H 0 = (68.43 ± 0.59) km/s/Mpc (5) at 68% CL. See Fig. 3 in detail. It indicates that the determination of H 0 from GCMB+BAO+SN is consistent with Planck [2] , WMAP+BAO [33] and low-redshift data only [34, 35] . Our result imply that there is a strong tension on the Hubble constant between all of CMB data and local measurement. In a word, this tension may come from some unknown systematic errors, or the new physics beyond the standard cosmology [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] etc.
B. Reionization optical depth
Since the average observed CMB power spectrum amplitude scales with the parameter combination A s e −2τ , there is a strong degeneracy between A s and τ . The reionization occurred at around z ∼ 10, and then the large-scale anisotropies in polarization are sensitive to τ . Unfortunately, in GCMB data, the 9-binned EE spectrum from each of three maps of BICEP2/Keck Array over the multipole range 50 < < 300 and the Emode polarization spectrum of SPTpol over the multipole range 50 < < 8000 are not so useful to constrain the optical depth τ . Therefore, GCMB itself cannot provide a good constraint on the optical depth, namely τ < 0.0437 (6) at 68% CL, which is still consistent with the optical depth constrained by the large-scale polarization measurements from final Planck release. 
C. Anti-correlation between ns and Ω b h 2
From Tab. I and Fig. 1 , we see that GCMB prefers a red-tilted scalar power spectrum whose spectral index is n s = 0.9667 ± 0.0141 (7) at 68% CL. It implies that the scalar power spectrum should be suppressed with increasing. Due to the most distinctive imprints on spectra on scales < 1000 leaved by Ω b h 2 which affect the relative heights of odd peaks and even peaks, there is a mild correlation between n s and Ω b h 2 for WMAP and Planck. However, there is a mild anti-correlation, instead of correlation, between n s and Ω b h 2 for GCMB as shown in Fig. 1 . The reason is that the spectrum of GCMB covers a much higher multipole range than that of WMAP and Planck, and a higher value of Ω b h 2 enhances the spectra on very small scales by reducing the diffusion length (or increasing the damping wavenumber), which can be compensated by a reddertilted scalar power spectrum. 
III. EXTENSIONS TO THE BASE ΛCDM MODEL
Even though the spatially-flat six-parameter standard cosmology is consistent with GCMB, it is still worthy exploring whether there are some clues for new physics in the data. Here we consider two one-parameter extensions to the base ΛCDM model, i.e. the spatial curvature energy density Ω k and the effective number of relativistic degree of freedom N eff .
A. Spatial curvature
How to explain the flatness of our Universe is one of the crucial motivations for inflationary cosmology [51] [52] [53] (see [54, 55] for some recent investigations). In general, inflationary models have a large number of e-folds, and hence our Universe should be very closed to spatially flat.
Due to the geometric degeneracy, CMB data only cannot constrain the spatial curvature Ω k and the Hubble constant H 0 well. From GCMB data only, we find a slight preference for an open Universe which drives the value of H 0 towards a larger value, namely Ω k = 0.0194 ± 0.0117, (8) H 0 = (84.52 ± 9.31) km/s/Mpc,
at 68% CL. See Fig. 4 as well. On the other hand, it is well-known that the addition of probes of late time physics can break the geometric degeneracy effectively. Here we gives the constraints on Ω k and H 0 from GMCB+BAO+SN dataset as follows Ω k = −0.0023 ± 0.0037, (10) H 0 = (68.14 ± 0.73) km/s/Mpc, (11) at 68% CL. See the grey contours in Fig. 4 . We see that a spatially-flat Universe is preferred at high statistical CL once the BAO and SN datasets are combined.
B. Effective number of relativistic species
The total energy density of radiation in the Universe is
which is a sum of the CMB photon energy density ρ γ and the energy density of standard model (SM) neutrinos if N eff = 3.046. If N eff > 3.046, it may imply the existence of extra relativistic degree of freedom.
In this subsection, we explore the constraints on N eff from GCMB. Our results are illustrated in Fig. 5 . For N eff > 3.046, GCMB data prefer higher values of H 0 because higher value of N eff yields a smaller sound horizon at recombination and the Hubble constant need rise to keep the acoustic scale fixed at the observed value. More precisely, the constraints on N eff and H 0 are N eff = 3.08 ± 0.45, 
at 68% CL by combing GCMB data with BAO and SN data. Our results imply that the extra relativistic degree of freedom may relax the tension on the Hubble constant between the local measurement and the global fitting from CMB.
IV. SUMMARY
In this paper, we constrain the cosmological parameters in the six-parameter spatially-flat ΛCDM cosmology from the current GCMB data. Compared to the results from WMAP and Planck, we find that these three CMB observations are consistent with each other. In particular, CMB datasets systematically prefer a lower value of the Hubble constant in the base ΛCDM cosmology compared to the local measurement [31] . Moreover, due to the lack of polarization anisotropy data on the very large scales, there is a strong degeneracy between A s and τ for GCMB, and due to the complete "damping tail" of CMB ranging from 1000 < < 3000, there is an anticorrelation between n s and Ω b h 2 for GCMB. In addition, we did not find any evidence for the physics beyond the base ΛCDM cosmology. 
